Abstract. The decline in steppe vegetation in Algeria was first reported in the mid-20th century, and for many years was attributed to recurrent droughts. Hypotheses suggesting that this decline was a consequence of human activities emerged in the 1970s -a time of major socioeconomic trends in the region. Changes such as strong population growth, sedentarisation, herd size increases and use of pasture land for crops, all had considerable impact on rangeland vegetation. The aim of the present work was to identify heterogeneity in the pasture vegetation of a given 'territory' (in the sense of a 'terroir'), or biophysical environment (including meteorological), taking into account rangeland distribution, land use changes and herd management in the Aflou region of Algeria. Characterisation and mapping of the vegetation and its environment in the study area led to the hypothesis that, apart from some very slight soil differences, heterogeneity in rangeland vegetation appeared mainly related to human impacts. Bertin's Semiology of Graphics was used to analyse the results, and indicated a major decline in vegetation productivity and biodiversity in the steppe rangelands of the study zone. Beyond this general trend in the municipal territory studied, areas were found with contrasting flora communities, with some showing relatively stable plant communities, while other areas had some plant communities that had undergone regressive succession. Grazing conditions and the proximity of ploughed land were responsible for these different vegetation situations.
Introduction
Drylands cover 41% of the Earth's surface (Chakrabarti 2016) , are home to 2 billion people and half of the world's livestock, and produce 44% of the world's crops (UNCCD 2017). However, the vegetation and environment of these drylands are deteriorating (Bestelmeyer et al. 2015) , including in the arid areas of Algerian. Historically, these areas were used exclusively for grazing, and pastoral livestock farming remains the most important economic and cultural activity (Bencherif 2018) . However, vegetation productivity and biodiversity in the pastoral rangelands is declining (Le Houerou 1995; Saïdi and Gintzburger 2013) . In the 1970s and '80s, these pastoral regions suffered from severe droughts (Belala et al. 2018) . At that time, the population had doubled (Perspective monde 2019), and sheep numbers rose from 7.8 million in 1970 to 28 million in 2016 in order to satisfy population requirements (FAO 2019) . Population increase also encouraged the population to farm rangelands and the cropped area doubled between 1960 (HCDS 2010 .
Management of livestock grazing affects vegetation in 'rangeland ecosystems' (Aidoud et al. 2011) . Management incorporates the stocking rate and density of animals, herd rotation and the duration of spelling, all of which are linked to the number of areas that herders have available to graze their animals and hence to their mobility practices, particularly transhumance. Depending on a farmer's possibilities and strategies, and considering biophysical conditions, pastoral vegetation may regenerate or regress (Slimani et al. 2010; Amghar et al. 2012) .
In the study area, it is currently very difficult to manage 'rangeland ecosystems' because of the large increase in livestock numbers and the decrease in rangeland area resulting from increased cultivation: this contributes to rangeland degradation. Rangelands are regressing to communities dominated by species less valuable for livestock, along with a decline in biodiversity (Hourizi et al. 2017) , and they can no longer provide sufficient fodder for current livestock (Le Houerou 1995) . Herders are required to use supplementary feed (for example, making us of grown or purchased barley or wheat bran), which, on average, provides up to 40% of livestock nutritional requirements outside natural grazing (Abbas 2004 ).
The multiple factors influencing changes in steppe 'grazing ecosystems' (e.g. meteorological, agrarian) are integrated (Spence et al. 2014) . However, academic ecological research in Algeria focuses on changes in relationships between the biophysical context and steppe vegetation. For example, the decline in plant productivity in the steppes was studied by Bonete (1955) and later during droughts in the 1970s and '80s (Djebaili et al. 1989; Aidoud and Touffet 1996) . Ecologists were unaccustomed to considering human aspects, despite their increasing importance and relevance (Floret and Pontanier 1978; Le Houerou 1995) . Conversely, systemic studies of livestock or agrarian systems in the territories attempted to demonstrate how land use affected the environment (Bourbouze 2006; Benguerai et al. 2014) . Despite these paradigm shifts, examples of interactions between practices affecting plant dynamics are rare (El Zerey et al. 2009; Khaldi 2014; Bencherif 2018) , and consequent explanations remain general rather than specific. Above all, there has been little in-depth work on the heterogeneity of vegetation and specific successions within a given 'terroir' (a municipality) subject to similar biophysical constraints (Prévost et al. 2018) .
In this study we focussed on the strong heterogeneity in the vegetation of grazed pastures in a 'terroir', hence, on variations in vegetation status. The aim was to explain such heterogeneity by considering rangeland distribution, land use changes and herd management. To gain a clearer understanding of the effect of human practices, studies were conducted on the same terroir, where biophysical factors could be considered similar, and where human practices were part of the same 'technical and cultural context' of land use planning. (Darré 2000) . The investigation focussed on links between agrarian practices and the heterogeneity of pastoral vegetation in a territory with few variable characteristics. In our hypotheses, a convergence of factors was considered: biophysical constraints exacerbate the major effects of human activities on vegetation; each herder or farmer possessing different means has different strategies with different effects on vegetation; each type of plant community has a form of resilience or shows signs of vulnerability to the practices used (Siero et al. 2019) . Observations were made on a large scale (municipal territory) in order to assess why plant community zoning was diverse. At this scale, meteorological factors could be overcome and vegetation differences identified according to certain human uses and practices (e.g. stocking rates, encroachment upon grazing land, crops) (Davies et al. 2014; Yang et al. 2017) .
Methodology

Description of the study area
The municipality of Hadj Mechri (Laghouat department), in the southern region of Oran, Algeria, has 65 720 ha of agro-pastoral land (Fig. 1) . Approximately 70-80% of the population is sedentary, living in dwellings scattered throughout grazing areas. The rangeland is mainly composed of alfa grass (Stipa tenacissima L.) and esparto (Lygeum spartum L.) steppes (Quezel and Santa 1962-1963) .
Soils are shallow with very low humus content, and exhibit little differentiation between horizons (Pouget 2008) . The three soil types identified by BNEDER (2003) are undeveloped mineral and skeletal soils, with rocky outcrops in the jebels (10% of municipal land), undeveloped soils, with alluvial inputs, making up the majority of the region's soils (76%), where the humus horizon is thin, the organic matter content low, and soils benefit from water runoff, and calcimagnesic soils in the piedmonts and glacis (14% of the area), varying in thickness from 10 to 30 cm, with low organic matter content in the upper layer.
The climate in the region is arid (El Bayadh meteorological station, observed over the 1971-2011 period). Winters are cold and harsh, and summers hot and dry. The average annual temperature is 158C (min of -0.38C, max of 348C), with an average annual rainfall of 268 mm and considerable inter-annual variation (coefficient of variation 31%).
Methods used to observe and measure vegetation Data collection
Field surveys identified five land categories according to vegetation and use. Each category was geo-located. A supervised classification of a satellite image (Landsat 5 TM, May 2009) was then conducted using the 'maximum likelihood' algorithm with ENVI software (Exelis Visual Information Solutions, Boulder, CO, USA). The relevance of the classification results was validated by random sampling based on geographical coordinates of each identified class. Observations and field adjustments resulted in the adoption of 30 vegetation measurement stations (e.g. homogeneity, aspect, cover, relief shape), which formed the four major categories identified. The fifth was a crop category.
Seventy-four linear surveys were conducted at selected stations (Daget et al. 2010) following OSS recommendations (2015) for steppe ecosystems. Either two or three linear surveys were completed for each measuring station, the number depending on the area and homogeneity of its vegetation. Each linear survey provided a quantitative estimate of the global vegetation cover (GVC), specific frequency (SFi) and specific contribution to the vegetative cover (SCi), as well as the coverage of the soil surface elements (bare soil, sand, coarse elements, litter). An exhaustive list of species near each linear measurement over a minimum area of 32 m 2 was recorded. Plant nomenclature followed Quezel and Santa (1962-1963) .
Data processing
Pastoral productivity (PP) and carrying capacity (CC) were calculated for each station sampled from the pastoral value of each plot, to determine how livestock affected vegetation. The pastoral value (Pv) was obtained by weighting the specific contribution of the species extracted from the surveys (SCi) according to their forage values (species quality index (SQi)) and by a factor of 0.1. Pastoral value, productivity and carrying capacity are presented through the following formulae adapted from Daget et al. (2010) .
PPðFU ha À1 year À1 Þ ¼ 7:52 Pv ð2Þ
where Pv is pastoral value; CVG is global vegetation cover (%); R is plant richness; SCi is contribution of species i to cover (%); SQi is species quality index I, a qualitative index expressing the degree of palatability of species, varying between 1 and 10 (CRBT, 1978); 0.1 is the multiplier coefficient for SQi varying between 0 and 10; PP is pastoral productivity (FU ha
FU is forage unit, corresponding to the quantity of energy contained in 1 kg of barley (1 FU = 1730 kcal); CC is carrying capacity (sheep equivalent ha -1 (eq.sheep ha -1 )); one sheep equivalent = one dry ewe (DE = 45 kg liveweight); one goat = 0.7 DE; one local cow = 5 DE; one dromedary = 7 DE; 400 is the energy requirements for a ewe with lamb per year (400 FU year -1 ). A correspondence factor analysis (CFA) was conducted on the correlation matrix of the dataset consisting of 74 surveys and 60 species out of the 85 identified, after removal of rare species (fewer than three records). Data were of the abundancedominance type from Braun-Blanquet and De Bolos (1957) . The FactoMineR package (Lê et al. 2008 ) with R software (R Core Team 2016) was used.
A land use map (LUM) and a pastoral map were created by matching the results of the supervised classification to the results of the field data. A field check was conducted for the final LUM legend. The 1/100 000th scale did not allow representation of elements that were difficult to perceive, such as water points and dwellings. Vegetation physiognomic units were represented on the LUM, or two dominant species (Ionesco and Sauvage 1962) , and the global vegetation cover (GVC). GVC was evaluated according to four classes: A, 25%; B, 25 to 50%; C, 50 to 75%; and D, >75%. For the pastoral maps, five classes were represented in relation to the potential carrying capacity of each physiognomic unit of vegetation identified on the LUM (OSS 2015) (see Fig. 4 ).
By focusing on interactions with those variables influencing vegetation in a systemic order, the identified vegetation units, the surrounding environment, its state of degradation and the uses made of those units were matched using a semiological analysis based on the Bertin Graph (Dantier 2008; Bertin 2011; Palsky 2017 ).
Bertin's analysis is a visual means of solving a complex multivariate logical problem with few individuals, allowing relationships to be plotted using a table (dynamic cross matrix). Each cell is assigned a specific visual code to reorganise the row locations of the matrix, thus modifying the visual appearance of the matrix to reveal various trends in the search object. The analysis used, based on observations and measurements (Table 1; (Corbier-Barthaux et al. 2014) . In this matrix, the variables can be grouped into three themes, plant community type, the environment and its current state, and indicators of the state of the environment (Table 2) .
Results of the vegetation study
Identification and grazing potential of the plant community Axes 1 and 2 of the FCA showed a 'marked Guttman effect' (Benzecri 1973) . The weight of the axes was relevant. Axis 1 was 28.6%, axis 2 was 24.6% (Fig. 2) .
Axis 1 showed a sand accumulation gradient, contrasting between an open sandy environment and a sandless environment with good conservation rangeland conditions. The first situation had a high sand level (>30%) and an average global vegetation cover (GVC: 25%). Psammophytic plants, such as Stipagrostis pungens (Desf), Cutandia dichotoma (Forssk.) Trab., Hypecoum geslini Coss. and Hordeum murinum L. were recorded. In the second situation, the sand content was below 5% and the GVC over 50%, and S. tenacissima, Thymus ciliatus (Desv.) Benth., Dactylis glomerata L. or Xeranthemum inapertum L. were present.
Axis 2 showed a human activity gradient, contrasting between areas exposed to human activity (overgrazing and agriculture), and areas only slightly exposed to human activity and excluded from grazing. In the first situation, the average GVC was below 25%, with non-therophytic species related to overgrazing (Peganum harmala L., Asphodelus Microcarpus Parl., Thapsia garganica L.), with low pastoral value and, above all, species known only in cultivation (Diplotaxis harra (Forssk.), Hedypnois cretica L., Eruca vesicaria (L.) Cav. and Enarthrocarpus clavatus Delile ex Godr.). The second situation had a high GVC level (>50%), increased plant litter (12.5-25%) and species with a high pastoral index (>3), such as S. tenacissima, Scabiosa stellata L., X. inapertum, D. glomerata and Helianthemum virgatum (Desf.) Pers.
The land-use and the pastoral maps (Figs 3, 4) showed that 86% of the land corresponded to rangelands. Each rangeland was characterised by plant communities with different potential (Table 1) . * L. spartum on 37% of the rangeland, with its global cover exceeding 60% in some zones. Its average productivity is 187 FU ha -1 year -1 .
* S. tenacissima on 23% of land, GVC <50%. Dead alfa was still standing (20% of the alfa). The average productivity of these formations is 122 FU ha -1 year -1 . * Artemisia herba-alba, covering 14% of the land. This community is mainly composed of species related to overgrazing, such as T. garganica and P. harmala, which reduce the productivity of formations to 119 FU ha -1 year -1 . * S. pungens, covering 12% of the region. This species can trap sand between tufts, allowing the establishment of a substantial number of species, thereby increasing the pastoral productivity of these formations (171.5 FU ha -1 year -1 ). Cultivated areas covered 14% of the area, equivalent to 9000 ha, of which 650 ha was bare and silted. Cultivated land was distributed across all rangelands, and increasingly encroached upon grazing land. It was impossible to find a rangeland zone without cultivated plots within its boundary (Fig. 3) .
The theoretical carrying capacity of the rangelands was 0.33 eq.sheep ha -1 (number of animals ha -1 year -1 ). At the time of survey, the municipal herd was 56 000 sheep equivalents, corresponding to 0.85 eq.sheep ha -1 . This difference between the theoretical carrying capacity and the current herd size indicated that rangeland grazing could supply no more than 30% of animal feed requirements.
Potential dynamics of plant communities
Bertin's analysis revealed five situations related to plant cover, distributed between two broad trends of plant cover dynamics, a plant community in regressive transition (three situations) covering 47% of the rangeland, and a plant community that appeared to be relatively stable (two situations) covering 39% of the rangeland (Table 2) .
Plant community in regressive transition
This category combined three situations, the first of which resulted from clear vegetative regression, particularly for plant communities consisting of L. spartum, accompanied by a floristic list of species with no forage value (P. harmala, A. microcarpus and T. garganica).
The second situation was more diversified, with fallow/ ploughed areas within these formations. This category mainly involved species indicating changes in land use, such as Noaea mucronata Forssk and chamaephytes, and species of low nutritional value, such as Atractilys serratuloides Sieber ex Cass, Juncus acutus L. and Echinops spinosissimus Turra.
The third situation also involved fallow or ploughed land within the formations. In these communities, there had been a striking change in dominant species, with S. tenacissima replaced by L. spartum, although the L. spartum communities were now disappearing because of sand accumulation resulting from erosion caused by ploughing, allowing, in turn, establishment of S. pungens.
The general trend was low forage availability, with pasture productivity between 50 and 150 FU ha -1 year -1 and a potential carrying capacity in the range of 0.33 to 0.12 eq.sheep ha -1 .
Relatively stable plant community
These rangelands demonstrated a capacity to resist disturbance, and maintain vegetation. This category combined two situations, the first being communities mainly with L. spartum colonising glacis and lower slopes, coveted for cultivation. These communities were accompanied by a high diversity of species with good forage value, such as Stipa parviflora, and post-cultural therophyte species, such as E. clavatus, and E. vesicaria. The GVC was satisfactory ). The second situation was communities with S. tenacissima fenced by forestry services (30 ha), with a GVC ! 50%, productivity ! 250 FU ha -1 year -1 and a potential carrying capacity between 0.5 and 0.6 eq. sheep ha -1 .
Interpretation of the results
Vegetation dynamics
At the municipal territory scale, the varied spatial distribution of grazed plant communities was evident. Observations focussed on the decline in grazed steppe vegetation, particularly in S. tenacissima and L. spartum plant communities, to the benefit of less valuable communities such as S. pungens, and a greater abundance of species such as N. mucronata, A. serratuloides and P. harmala, indicating a change in land use and a process of plant degradation. This phenomenon is evident throughout the Algerian steppes. In 1978, in southern Oran, S. tenacissima covered 45% of the pastoral territory, but had fallen to 2% by 2011 (Hirche et al. 2015) . Species indicating changes in land use and degradation in rangelands were absent in 1978, and now account for 8% of the vegetation in the region (Hirche et al. 2015) .
These plant communities show a regressive transition of vegetation cover with a change in floristic composition, specifically the emergence of species easily able to adapt to severe environmental conditions, and species associated with 'degradation by overgrazing' (A. microcarpus, T. garganica, A. serratuloides, and E. spinosissimus). These plant communities have little nutritional value, and may even be toxic to livestock (Aidoud et al. 2006; Tarhouni et al. 2007) . Similar regressive successions have been recorded in the high steppe plains of Tlemcen Province (Benabadji et al. 2009 ). Le Houerou (1995) and Hirche et al. (2011) mentioned a sequence of plant communities similar to this situation, a plant community dominated by S. tenacissima regressing towards a plant cover dominated by L. spartum. Subsequently, plant cover could evolve to a community dominated by S. pungens or A. serratuloides, or could even be replaced by crops. Our results consolidated previous observations and the knowledge gained in the region (Hirche et al. 2015; Martínez-Valderrama et al. 2018) .
Herbaceous plants that appeared stable and resistant, such as L. spartum communities, were located on land coveted by farmers. In fact, it was evident that most crops had gradually been established on this type of rangelands located on glacis and lower slopes. The relative stability was a consequence of the ecological plasticity of L. spartum and its ephemeral capacity (sensu stricto Noy-Meir 1973), implying it can withstand long periods of drought and poor grazing management (Hourizi et al. 2017) . This type of steppe vegetation cover, L. spartum and the accompanying succession of species (S. parviflora, Trigonella polyceratia L., Medicago minima L. and Plantago albicans L.) is indicative of good conservation rangeland with a plant cover of high forage value (Aidoud et al. 2006) . Some rangelands regenerated naturally when protected from grazing. For example, when S. tenacissima steppe was fenced, vegetation cover, composition and diversity improved, with an increase in species of high pastoral potential such as Lomelosia Table 2 . Main groups of plant communities in the Hadj Mechri region Abbreviations: Area, area covered by plant community for a total of 65 720 ha; Pockmarking, presence or absence of tilled/cultivated/fallow areas within these communities; GVC, global vegetation cover; grazing potential (measured as grazing productivity, pastoral productivity (PP), in forage unit (FU) ha (Tarhouni et al. 2007; Slimani et al. 2010; Acherkouk et al. 2012) . The plant composition of this category of relatively stable communities shows a degree of resilience (sensu Westoby et al. 1989 ) depending on rangeland use. Some of these communities have more favourable soil conditions (less sand and encroachment), and are subject to moderate use with periodic resting practices. Nevertheless, they remain vulnerable when adjacent land is cultivated.
Human impacts
Cultivation leads to 'eroded soil patches', and promotes development of post-cultural therophytic (short lived) species with high pastoral potential (SQi > 4), such as E. clavatus, E. vesicaria, D. harra and H. cretica. These species are ephemeral, provide little biomass, and are quickly consumed by livestock, leaving the soil virtually bare and vulnerable to wind erosion. Cultivated and surrounding areas are covered with sand, and this change in steppe use reduces the grazing area and contributes to desertification (Khaldi 2014; Houyou et al. 2016) .
When grazing land is cultivated, it is physically delimited by a simple plough furrow, a 'Gdel'. This ploughed land becomes an impassable enclave, because farmers act under the pretext of traditional appropriation of land once it is cultivated (Bourbouze et al. 2009 ).
Such appropriation of land by farmers disrupts livestock mobility, particularly for short daily livestock movements. Herders are forced to bypass these ploughed areas, sometimes for several kilometres, causing animal fatigue or limiting rotations. This restriction usually forces herders to stop moving their herds, and park them in the same area. When animals are kept in the same area permanently, even at low stocking rates, the rangeland can be denuded (Aidoud et al. 2011) . The impact of 'parking' a herd/flock, irrespective of livestock density, prevents vegetation from resting and causes vegetation loss over time (Aidoud et al. 2006) .
On a municipality scale, the current stocking rate (0.85 eq. sheep ha -1 year -1 ) was three times higher than the estimated carrying capacity (0.33 eq. sheep ha -1 year -1
). In the study zone, as in the majority of Algeria's steppe rangelands (Kanoun et al. 2015) , grazing provided less than 40% of livestock feed requirements compared with 70% of requirements in the 1980s (Djebaili et al. 1989) , dropping to 10 to 15% in the extreme case of central Tunisia (Jemaa et al. 2016) . The herders in this study, like those elsewhere in Algeria, Morocco and Tunisia (Chiche 2001; Jemaa et al. 2016) , used different practices to overcome this forage deficit, including mobility, rangeland rotation and transhumance, supplementary grazing, such as stubble, fallow, or grassland as soon as growth started, and damaged barley, as well as concentrate feeds such as barley and wheat bran.
Role of land access
Access to resources and the uses allowed therein are subject to complex sociological rules on land ruled by tribal councils. However, the State retains land ownership. Those able to appropriate and monopolise land areas for their own use are usually dignitaries, or new socioeconomic and political leaders (Daoudi and Colin 2017) . This means of appropriating rangelands is part of an expansionist strategy adopted by powerful agropastoralists, particularly where traditional resource access regulations are disappearing. Its use is becoming increasingly frequent, leading to a multiplication of scattered Rangeland degraded by ploughing and grazing The Rangeland Journalcrop plots in 'eroded soil plot' grazing areas, even on completely degraded and low-yielding land (Daoudi et al. 2013) . This strategy can be described as mining (in the Hardin sense). These agropastoralists graze as many animals as possible on the pastures for maximum rangeland resource use, with no regard for vegetation renewal. Given the unstable legal status of the land, the beneficiaries claim for themselves a right currently shared with others. Under these conditions, 'the management principle is not the joint development of resources, but the control of competition for their individual use' (Chiche 1992) , and leads to overexploitation of resources. Numerous socio-agronomic research studies have reported the practice in Algeria (Daoudi and Colin 2017) , Tunisia (Hanafi and Jauffret 2008) and Morocco (Dutilly-Diane et al. 2007) . These strategies fall within the logical framework of exploiting natural resources and support Hardin's theory of 'the tragedy of the commons' (Hardin 1968 The pastoral development strategy initiated by public authorities since independence adopts a more 'sedentary' approach. The aim is to encourage livestock farming by subsidising animal feed supplements (barley), and support land development in the private domain of the State. This is achieved through the 1983 and 1997 laws on access to agricultural land ownership (APFA), and the 2002 law on agricultural concessions. Agrarian public policies are geared towards cultivated areas, leading to deregulation of pastoral land access and use, and dispersion and fragmentation of crop plots in rangeland territories. Finally, these policies encourage land use change, support steppe meadow clearing and encourage entrepreneurial agriculture, defined as 'neo-agriculture' (Bessaoud 2016; Daoudi and Colin 2017) .
Management implications
Specific studies have investigated how cropping and land development affect steppe deterioration (Houyou et al. 2016) , but little is known of the relationships between vegetation change and herd/flock management. The research in this study on the heterogeneous status of pasture vegetation highlighted the importance of certain agrarian practices. Two practices were found to carry high risks of pastoral vegetation degradation: the common practice of cultivating scattered plots of land within rangelands (source of silting); and the practice of continuous grazing of pasture (rapid exhaustion of vegetation). These two practices are linked to the change of livestock farming techniques, resulting in the need to supply animal feed supplements.
Privatising collective land does not appear appropriate to preserve vegetation. The policy of privatising collective lands since 1971 in Tunisia remains the best example of vegetation collapse (Ben Sâad 2011; Jemaa et al. 2016) . The efficiency of such land appropriation depends on the rules developed for resource management, and the mechanisms for monitoring their compliance.
A program to preserve rangelands and thereby combat desertification should be implemented. Such a program would regulate ploughing in the steppes and determine more equitable ways to allocate resource access. This will only be achieved via participatory policies and cooperative management guaranteeing user participation. The aim would be to assess the practices and strategies of farmers and herders in the light of public policies that have led to a process of vegetation degradation in steppe rangelands, taking into account the entire local population (Bourbouze et al. 2009; Ben Sâad 2011) . Local populations have centuries-old knowledge of their ecological environment. Such knowledge should enable pastoral management more conducive to rangeland maintenance, using alternative and more suitable practices such as protection of pastures, livestock rotation, control of animal numbers, etc. (Elloumi et al. 2006) .
To avoid the 'tragedy of the commons' in these rangelands (Hardin 1968) , collective charters appropriate for access to resources and their use should be formulated. They should combine tribal rules in the socio-anthropological sense ('Arche' in Algeria) with new local social practices, along the lines of the pastoral law in France (Charbonnier 2012) , new modes of governance and adaptation for natural resource management in Morocco (Behnassi et al. 2017; Faouzi 2018) , along with the analysis of geo-located herd trajectories to characterise spatiotemporal patterns of livestock land use preferences in Madagascar (Fedt and Schecht 2016) .
Conclusion
This study of vegetation in a given 'territory' revealed a heterogeneous situation where:
(i) regressing plant communities, reflected in the presence of 'degraded species' of low pastoral value. Some communities appear to have reached a point of no return, and the only way to regenerate the vegetation cover would be to conduct vegetation rehabilitation operations; and (ii) some plant communities showing relative stability, usually characterised by a displacement of dominant species, or by establishment of less productive species, but which offer better soil protection. An estimation of animal carrying capacity as a function of current vegetation and herd size demonstrated that rangeland grazing could supply only 30% of livestock feed requirements. Destocking was still effective in vegetation cover regeneration in steppe rangelands. However, a herder would need several pastures available to allow rotation, thus enabling the vegetation to re-establish.
Plant community disturbance and rangelands with heterogeneous pastoral vegetation occur because of certain livestock practices and the increase in conversion of rangelands to cropping areas. The gradual disappearance of collective pastoral territories managed by traditional community organisations has resulted in a 'tragedy of the commons' situation. Rangeland ecosystems should be considered in the light of the combination of different factors, environmental (biophysical and desertification factors), herders strategies and their livestock and rangeland management practices, and the extension of landscape fragmentation due to cultivation in pastoral areas. This would lay the foundations for new interdisciplinary approaches, providing an understanding of all factors involved, and their interaction in transforming these regions (Hubert 2004; Jollivet 2010) . This requires an overall territorial approach which considers the balance between specific factors and common goods in the sense used by Ostrom (2015) .
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